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NMDA and muscarinic receptors of the nucleus
accumbens have differential effects on taste
memory formation
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Animals recognize a taste cue as aversive when it has been associated with post-ingestive malaise; this associative
learning is known as conditioned taste aversion (CTA). When an animal consumes a new taste and no negative
consequences follow, it becomes recognized as a safe signal, leading to an increase in its consumption in subsequent
presentations (attenuation of neophobia, AN). It has been shown that the nucleus accumbens (NAcc) has an
important role in taste learning. To elucidate the involvement of N-methyl-D-aspartate (NMDA) and muscarinic
receptors in the NAcc during safe and aversive taste memory formation, we administrated bilateral infusions of
DL-2-amino-5-phosphonopentanoic acid (APV) or scopolamine in the NAcc shell or core respectively. Our results
showed that pre-training injections of APV in the NAcc core and shell disrupted aversive but not safe taste memory
formation, whereas pre-training injections of scopolamine in the NAcc shell, but not core, disrupted both CTA and
AN. These results suggest that muscarinic receptors seem to be necessary for processing taste stimuli for either safe
or aversive taste memory, whereas NMDA receptors are only involved in the aversive taste memory trace formation.

The nucleus accumbens (NAcc) is a structure located in the ros-
trobasal forebrain and it is the major component of the ventral
striatum. Three subterritories have been described for the NAcc;
two caudal regions called core and shell, and the rostral pole
(Zahm 2000). Several papers have related the functions of the
NAcc with mechanisms of feeding (Kelley and Swanson 1997;
Saul’skaya and Mikhailova 2003), motivation (Salamone 1996),
reward (Berridge and Robinson 1998), and addiction (Bliss and
Collingridge 1993; Everitt et al. 1999). Moreover, it has been
suggested that gastric-related signals are transmitted to the NAcc
via the hypothalamus, therefore, the NAcc could contribute to
the integration of gastric vagal signals related to digestive pro-
cesses (Mehendale et al. 2004).

When an animal consumes a new taste, it reduces its inges-
tion (neophobic response), and if there are no negative conse-
quences afterwards, it becomes recognized as a safe signal, lead-
ing to a gradual increase of its consumption (attenuation of
neophobia, AN). However, if the gustatory stimulus is paired
with post-digestive malaise, the animal will recognize the taste as
an aversive cue, thus developing conditioned taste aversion
(CTA). Both aversive and safe memories depend on a neural rep-
resentation of the taste, which is possibly stored in parallel in
several brain regions. This neural representation has been called
the Taste Memory Trace or TMT (Bermúdez-Rattoni 2004). It has
been demonstrated that the insular cortex (IC), basolateral amyg-
dala (BLA), parabrachial nucleus (PBN), and nucleus of the soli-
tary tract (NTS) play important roles in taste memory formation
(Yamamoto et al. 1994). Particularly, it has been described that
the safe TMT depends on cortical muscarinic receptors’ activity
for consolidation, whereas the aversive TMT is at least partially
dependent on the NMDA receptor activity (Gutierrez et al.
2003a).

Another structure that recently has been linked to taste

memory formation is the NAcc. The NAcc receives important
inputs from structures involved in taste memories, like glutama-
tergic fibers from the BLA and IC (Kelley and Domesick 1982;
Wright and Groenewegen 1996), as well as noradrenergic inner-
vations from the NTS (Pennartz et al. 1994; Delfs et al. 1998).
When saccharine has been associated with LiCl, it produces a
significant increase of acetylcholine (ACh) levels in the NAcc
during its consumption (Mark et al. 1995). Additionally, it has
been reported that intraoral novel saccharine infusion increases
dopamine (DA) in the NAcc. However, the same stimulus previ-
ously associated with LiCl, produced significant decreases in DA
release (Mark et al. 1991). More recently Fenu and coworkers
showed that a micro infusion of D1 antagonist (SCH 39166) into
the NAcc shell impaired CTA learning (Fenu et al. 2001). Never-
theless, there is not enough information about the role of NMDA
and muscarinic cholinergic receptors’ functions in the NAcc dur-
ing the TMT formation. Here we explore the role of NMDA and
muscarinic receptors in safe and aversive taste learning by ad-
ministrating bilateral infusions of APV (an antagonist of the
NMDA receptors) and scopolamine (nonselective antagonist of
muscarinic receptors), in the NAcc shell and core.

Results
Figure 1 shows an example of the NAcc cannulae placement.
Histological analysis shows that in the majority of animals, the
injection site was located in the NAcc shell (see Fig. 1A), or core
(see Fig. 1B), respectively. Only the animals showing a correct
placement of the cannulae were included in the statistical analy-
sis. Thirteen animals were excluded from the analysis because the
tips of their cannulas were misplaced.

Pre-training APV or scopolamine disrupts short
and long aversive TMT
During the acquisition of CTA, all the animals drank the total
amount of 10 mL presented. Figure 2B shows the effects of mus-
carinic and NMDA receptor antagonists into the NAcc shell on
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both short-term memory (STM) and long-term memory (LTM) of
conditioned taste aversion. No significant differences among
groups were found in the water baseline. During the STM and
LTM tests, significant differences in saccharine intake were found
among groups (F3,39 = 8.865; F3,39 = 6.605 respectively; P < 0.01).
Post hoc Fisher’s test showed that both scopolamine and APV
groups had a significantly higher saccharine consumption than
the vehicle-injected and intact groups (P < 0.01).

Figure 2C shows the effects of muscarinic and NMDA recep-
tor antagonists into the NAcc core. ANOVAs revealed significant
differences between groups in saccharine consumption on the
STM and LTM tests (F2,20 = 15.906; F2,20 = 5.791, respectively,
P < 0.01). Post hoc Fisher analysis revealed a significantly higher
saccharine consumption in the APV group (P < 0.01). Thus, NAcc
shell pre-training injections of APV and scopolamine impaired
STM and LTM of CTA, while pre-training injection of APV, but
not scopolamine into the NAcc core, impaired STM and LTM of
CTA.

Post-training injections of APV or scopolamine do not
block aversive TMT
APV or scopolamine injected immediately after the first presen-
tation of saccharine during CTA training procedure yielded no
significant differences among groups in saccharine consumption
during the STM and LTM tests (see Fig. 3B,C). This was the case
both when the antagonists were injected into the NAcc core
(F2,15 = 0.633, NS) or shell (F2,15 = 0.633, NS).

Pre-training scopolamine, but not APV blocks safe TMT
Figure 4B shows the effect of pre-training injection of APV, sco-
polamine or vehicle into the NAcc shell on neophobia (first pre-
sentation of saccharine taste) and on attenuation of neophobia
(second presentation of saccharine), when no aversive conse-
quences are induced (no lithium chloride injected after the first
saccharine presentation, see Fig. 4A). ANOVA analyses showed
that pre-training injection of APV or scopolamine did not affect
the taste response to novelty (F3,41 = 0.5499, NS), while there
were significant differences between groups (F3,41 = 17.390;
P < 0.01) in attenuation of neophobia (AN, an increase in saccha-
rine consumption in a subsequent presentation). Post hoc Fisher
analysis revealed a significantly lower saccharine consumption
during the AN test in the scopolamine group than in the vehicle
group (P < 0.01), while the APV group did not differ significantly
from the vehicle and intact groups. Thus, only the group injected
with scopolamine into the NAcc shell failed to increase its sac-
charine consumption during the AN test, and therefore shows an
abolished AN.

As can be seen in Figure 4C, no significant differences in
neophobic response were seen between animals injected into
the NAcc core with APV, scopolamine or ACSF injections

(F2,14 = 1.375; NS, see Fig. 4C), which shows that APV or scopol-
amine injections before taste presentation do not affect taste per-
ception. All animals show attenuation of neophobia (AN) during
the second saccharine consumption. However, no significant dif-
ferences among groups were found in saccharine consumption
(F2,14 = 1.656; NS).

Additionally, no significant differences among groups were
found in saccharine consumption during a third saccharine pre-
sentation, neither on the NAcc core-injected animals
(F2,13 = 1.086, NS) nor on the NAcc shell-injected animals
(F3,41 = 1.527, NS) (data not shown).

Discussion
The present study was designed to investigate the effects of
NMDA and muscarinic antagonists in the NAcc shell and core on
the formation of taste memory. The NAcc has been widely re-
ported to participate in appetitive reinforced learning tasks
(Salamone et al. 2005). However, aversive and safe taste memory
formation had not been included, expanding thus the role of the
NAcc in learning processes.

In these experiments, we demonstrated that a pre-training
injection of APV, on both the NAcc shell and core, impaired
short-term and long-term aversive taste memory, without affect-

Figure 1. A photomicrograph of a coronal section of the rat brain
stained with cresyl violet and a diagram of the cannulae location
from the NAcc shell (A, AP = +2 � 0.3 mm from Bregma) or the NAcc
core (B, AP = +1.5 � 0.3 mm from Bregma) during microinjection. The
points represent the localization of the cannulae.

Figure 2. (A) A representation of experimental protocols used to study
the aversive TMT (pre-training injection) and percentage of baseline con-
sumption (mean � SEM) on short and long-term test memory, for the
NAcc shell (B) and the NAcc core (C). The reduction of saccharine con-
sumption with respect to baseline intake was used as a measure of
strength of aversion. The figure demonstrates the effects of APV and
scopolamine (SCOP) microinjections 15 min before taste presentation of
CTA. The “intact” group remained without treatment as naive control.
**P < 0.01, as compared to their vehicle controls (post hoc Fisher test),
has significant differences from the other groups.
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ing the safe taste memory formation. Conversely, post-training
injections of APV did not have any effect on either task. These
results show that the NMDA receptors in the NAcc shell and core
have an important role in the aversive, but not safe TMT. Our
results also showed the involvement of cholinergic transmission
on the NAcc shell for the encoding of both safe and aversive
TMT. Thus, pre-training injection of scopolamine on the NAcc
shell disrupted both short-term and long-term aversive taste
memory, and also prevented the attenuation of neophobia,
whereas post-training injections of scopolamine had no effects in
aversive memory formation. Furthermore, the present results
showed that the neophobic response was not affected by APV or
scopolamine, since the animals presented a clear neophobic re-
sponse, ruling out unspecific effects on taste perception by the
microinjections of NMDA or muscarinic antagonists.

Glutamatergic activity
The main result presented here is that the NMDA receptor in the
NAcc shell and core has a differential role in taste aversive or safe
memory formation. The NMDA receptor activity is necessary in
both the NAcc shell and core for acquisition, but not for consoli-
dation, of aversive taste memory. These results are in accordance
with previous findings demonstrating that intra accumbens
blockade of NMDA type glutamate receptors interfered with the

acquisition process, but not with the consolidation of a passive
avoidance task (Martinez et al. 2002). Moreover, we found that
the APV produced stronger impairments in the formation of
aversive STM, when injected in the NAcc core rather than in the
NAcc shell, while its effects on LTM were similar in both sub
nuclei. Accordingly, it has been proposed that NMDA receptor
activation in the NAcc core may be an important mechanism
through which stimulus–response associative learning occurs.
Thus, injections of APV into the NAcc core, but not the shell,
impaired response-reinforcement learning in the acquisition of a
simple lever-press task to obtain food (Kelley et al. 1997). Con-
versely, for safe taste learning (AN), we found no effect of APV
injection before taste presentation, suggesting that it does not
affect the processing of the taste information required for safe
taste memory formation. APV injections after taste presentation
did not affect aversive taste learning, affecting only taste process-
ing for aversive, but not safe, taste memory formation. These
results support the proposed idea of the existence of two different
memory traces generated by the consumption of a new taste,
aversive and safe TMT (Gutierrez et al. 2003a; Bermúdez-Rattoni
2004), and suggest that the glutamatergic activity of the NAcc is
involved only in the acquisition of aversive taste memory.

The taste and visceral information could reach the NAcc via
two pathways: the NTS-parabrachial nucleus-central nucleus of
the amygdala-ventral tegmental area–NAcc connection, and the
insular cortex-BLA-NAcc pathway (McDonald 1991). It has been

Figure 3. (A) A representation of experimental protocols used to study
the aversive TMT (post-training injection) and percentage of baseline
consumption (mean � SEM) on short and long-term test memory, for
the NAcc shell (B) and the NAcc core (C). The figure shows the effects of
APV and scopolamine microinjections immediately after taste presenta-
tion of CTA. No significant differences among groups were found in
saccharine consumption on the test of STM and LTM.

Figure 4. (A) A representation of experimental protocols used for
studying the safe TMT. The effect of injection of muscarinic receptor
antagonist, scopolamine (SCOP), NMDA receptor antagonist (APV), and
vehicle (ACFS) microinjected bilaterally into the NAcc shell (B) and the
NAcc core (C) 15 min before presentation of saccharine on d 5. The
Neophobia and AN are expressed in percentage of baseline consump-
tion. **P < 0.01, as compared to their vehicle controls (post hoc Fisher
test), significantly differ from the other groups.
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considered that the central nucleus is the main output nucleus of
the amygdala, mainly by GABAergic efferents to midbrain auto-
nomic sites (Swanson and Petrovich 1998). However, the central
nucleus of amygdala connection to the NAcc has been less stud-
ied. Alternatively, the BLA sends a dense glutamatergic projec-
tion to the NAcc (Kelley and Domesick 1982; Brog et al. 1993;
Wright and Groenewegen 1996). It has been shown that the BLA
and the NAcc interact during the formation and expression of
stimulus–reward associations (Everitt et al. 1991). In this regard,
for CTA a dramatic increase in glutamate release in the BLA was
observed after an injection of LiCl, suggesting that glutamate
activity in the BLA signals the aversive input (Miranda et al.
2002). Therefore, given the participation of BLA in the processing
of the aversive stimulus, it could be possible that the connection
between BLA and NAcc plays a central role in relating the aver-
sive taste memory trace with the information of the malaise-
inducing agent. Even though our study cannot answer this issue,
we propose that this mechanism would be implicated in aversive
taste learning. Supporting this hypothesis, there is evidence of
the participation of the NAcc in aversive learning (Pezze et al.
2001; Young 2004), and it is also suggested that NAcc dopamine
is involved in aspects of sensory–motor functions that could be
involved in aversive motivation (Salamone 1994). In this regard,
neurochemical experiments have shown that both, naturally
aversive and conditionally aversive stimulus, produce significant
increments of dopamine release in the NAcc (Young et al. 1993).
Complementarily, the insular cortex is highly involved in aver-
sive taste learning (Bermúdez-Rattoni 2004) and since the BLA
and the NAcc are important targets of agranular insular cortex
efferent fibers (Ohara et al. 2003; Jasmin et al. 2004), and the
innervations from the BLA coincides with projections from the
dorsal agranular insular cortex into the NAcc core (Wright and
Groenewegen 1996), it has been proposed, in an aversive learn-
ing situation, that at least some BLA-fugal fibers exert an inhibi-
tory influence at the NAcc core level in the fibers coming from
insular cortex (Louilot and Besson 2000). This might be the rea-
son why we found stronger effects in the NAcc core compared to
the NAcc shell. Therefore, a possible mechanism involved in the
formation of aversive taste memory is the communication be-
tween the NAcc core, IC, and BLA, however this does not rule out
the possibility that there could be other brain systems participat-
ing in the aversive taste memory along with the NAcc circuit
proposed here.

It has been demonstrated that both subnuclei (shell and
core) communicate through collateral neurons (Meredith 1999);
the possibility exists that the effect observed in the NAcc shell
after APV injection could be due to an interruption in the com-
munication between them. It is important to examine the gluta-
matergic projection to the NAcc shell from the amygdala. Prob-
ably the effect observed in the NAcc shell is a consequence of
blocking this projection. It also remains to be demonstrated
whether there is an associative mechanism in the NAcc itself or if
it modulates another structure where the aversive signals arrive
from the BLA creating the aversive TMT. Since the coordinates
for both subnuclei of the NAcc are very close to each other and
we use different volumes, there is a possibility that the infusion
of the drug in one subnuclei might produce some leakage to the
other. Nevertheless, while we cannot rule out completely this
possibility, we do believe that this did not happen since the ef-
fects of APV seem to be larger when applied in the core than in
shell, and for scopolamine the effects were in the shell but not in
the core (see below).

It is noteworthy that although the majority of reports of the
NAcc on learning indicate its role in goal directed tasks with
positive reinforcements (Everitt et al. 1999), we found that the
effects of NMDA receptor antagonist are exclusively in the aver-

sive, but not in the safe taste memory formation. Nevertheless,
we can not rule out the possibility of other neurotransmitter
systems participating in safe taste learning processing in this
structure, like the muscarinic ACh receptors (see below).

An interesting fact about the present results is that the
NMDA receptor blockade in the NAcc affects both STM and LTM
of CTA. This implies that the pharmacological treatment avoids
the formation of an aversive taste memory completely, not
merely memory consolidation (Martinez et al. 2002). This sup-
ports the proposed idea that NMDA receptor activation is neces-
sary for the formation of the aversive TMT, which eventually
might form an aversive STM and LTM. Therefore the NAcc,
through the NMDA receptors, is involved in the aversive taste
memory formation; these results are in accord with previous
findings that demonstrate the role of the NAcc in others’ aversive
learning such as a passive avoidance task (Martinez et al. 2002;
De Leonibus et al. 2003), aversively conditioned contextual
stimuli (Pezze et al. 2001), and aversive olfactory learning in hu-
mans (Gottfried et al. 2002).

Cholinergic activity
NAcc cholinergic activity has previously been reported to be re-
lated with conditioned taste aversion learning (Mark et al. 1995).
As noted, there is a significant increment of ACh release in the
NAcc after the presentation of a conditioned aversive taste (Mark
et al. 1995). In agreement with these results, we found that in-
jections in the NAcc shell of scopolamine before, but not after
taste presentation abolished STM and LTM of CTA, supporting
the role of ACh activity in the NAcc on taste memory processing.
We did not find any effects when the drugs were administered
after the CS, ruling out any unspecific effects on the incoming US
signal. However, as pre-training injection of scopolamine also
disrupts AN, these results suggest that the activation of musca-
rinic receptors in the NAcc shell is necessary for normal learning
about a taste stimulus. It should be pointed out that the injection
of scopolamine did not affect taste perception, since the neopho-
bic response to saccharine remained intact, regardless of the con-
sequences of taste, i.e., safe or aversive TMT. These results sup-
port that CTA and AN initially share a similar component of the
neural taste representation (Gutierrez et al. 2003b), which would
be a common mechanism for both taste memory traces, through
the activation of muscarinic receptors. Unlike APV, scopolamine
injections either before or after taste in the NAcc core do not
have any effect in aversive taste memory; these results indicate a
differential role of cholinergic system in the NAcc on taste
memory formation. It seems that the NAcc shell cholinergic ac-
tivity is mainly involved in the formation of the TMT that can be
later associated with either aversive or safe consequences. Al-
though, it remains to be demonstrated whether the NAcc inter-
neurons themselves could be participating in the associative pro-
cess of taste presentation and its consequences to establish long-
term memory for taste (either aversive or safe), since it has been
demonstrated that the striatal cholinergic interneurons have an
important role in triggering the intracellular mechanism that
participates in synaptic plasticity, like corticostriatal facilitation
(Centonze et al. 1999, 2003).

The cholinergic activity within the NAcc comes from the
cholinergic interneurons (Pennartz et al. 1994) that are present in
both shell and core subdivisions (Bolam et al. 1984; Meredith et
al. 1989). ChAT-inmunoreactive neurons are nearly three times
denser in the caudal medial shell than in the core (Meredith et al.
1989). It has been reported that GABAergic output from the NAcc
can be regulated positively by nicotinic ACh receptors, and nega-
tively by muscarinic ACh receptors (de Rover et al. 2002). A pos-
sible mechanism for the participation of muscarinic receptor in
the NAcc shell in taste learning is through its modulation to the
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nucleus basalis magnocellularis (NBM) and in turn with its cho-
linergic projections to the insular cortex (Miranda and Bermúdez-
Rattoni 1999). It has been demonstrated that the NAcc shell can
regulate ACh release in prefrontal cortex via its modulation to NBM
(Neigh-McCandless et al. 2002). It has been suggested that the NAcc
regulates the excitability of the NBM cortical cholinergic projec-
tions, by the GABAergic projection from the NAcc shell (Zahm and
Heimer 1993; Neigh et al. 2004). Thus, inactivation of muscarinic
ACh receptors in the NAcc might lead to an increase in GABAergic
output projecting to NBM, generating a change in the levels of ACh
in the cortex. It is well demonstrated that the cholinergic activity in
IC has an important role in taste memory formation (Naor and
Dudai 1996; Ferreira et al. 2002; Ramírez-Lugo et al. 2003). It is
possible that the intra NAcc cholinergic activity modulates the taste
inputs to the IC or to the amygdala through its connectivity with
regions involved in taste memory formation.

Conclusions
These results provide the first evidence of the NAcc core and shell
participation in the formation of aversive, but not safe TMT
through their NMDA receptors. In addition, the results also
showed the participation of the NAcc shell in the formation of
both, aversive and safe TMT through its muscarinic receptors.
Thus, the results presented here support the existence of two
memory traces triggered by taste consumption, one of which is
ruled out afterwards depending on the gastric consequences of
the taste, which determines the formation of an aversive or safe
gustatory memory. In this regard, the results showed that NMDA
receptor activity of the NAcc core and shell seems to be involved
in the formation of aversive taste memory trace, probably
through their glutamatergic projections coming from the BLA,
whereas muscarinic receptors’ activity of the NAcc shell are in-
volved in the initial formation of both taste memory traces,
which can be later supported with either aversive or safe conse-
quences.

Materials and Methods

Animals
Male Wistar rats (N = 185), with a weight between 280 and 320 g
at the time of surgery were used. They were caged individually
and kept in a 12-h light/12-h dark cycle phase. All behavioral
manipulations were performed in the light cycle phase. Rats re-
ceived lab chow throughout the experiment. Experiments were
performed in accordance with the Rules in Health Matters (Min-
istry of Health, Mexico) and with approval of the local Animal
Care Committee.

Surgery
The animals were implanted bilaterally with 12-mm 23-gauge
stainless steel cannulae under anesthesia (sodium pentobarbital,
40 mg/kg, i.p.) using standard stereotaxic procedures. The tips of
the cannulae were aimed 2.5 mm above either the NAcc shell
(anteroposterior, +2 mm; lateral, �1; ventral, �5.3 mm; from
Bregma); or the NAcc core (anteroposterior, +1.5 mm; lateral,
�1.9; ventral, �4.7 mm; from Bregma) (Paxinos and Watson
1998). The cannulae were fixed to the skull with dental acrylic
cement and anchored with two surgical screws placed in the
skull. Stylets were inserted into the guide cannulae to prevent
clogging. After surgery, the animals had food and water ad libi-
tum during four days, and the following day they were deprived
of water for 24 h.

Microinjection
The intra-accumbens microinjections were given to hand-
restrained, conscious animals. The stylets were withdrawn from
the guide cannulae and injection needles (30 gauge) were in-
serted, extending 2.5 mm from the tip of the guide cannulae. The
injection needles were connected via polyethylene tubing to two

10 µL Hamilton micro syringes, driven by an automated micro-
infusion pump (Carnegie Medicine). A total volume of 1 µL and
0.5 µL per hemisphere were delivered in the NAcc shell and core
respectively at a rate of 0.5 µL/min in both cases. After the in-
jections, the needles were retained in the guide cannulae for an
additional 1 min to allow diffusion of the solution into the tissue
minimizing the reflux along the injection track. We decided to
use a differential volume in each of the NAcc subnuclei since
there are reports using a volume of 1 µL in the NAcc shell (Sed-
erholm et al. 2002) and 0.5 µL into the NAcc core (Di Ciano et al.
2001). Since the concentration of the drug remained constant for
both subnuclei, the amount of drug molecules per volume re-
mained constant, growing larger as the volume increased in the
NAcc shell.

Chemicals and drugs
ACSF solution (118 mM NaCl, 19 mM NaHCO3, 4.7 mM KCl,
1.2 mM KH2PO4, 1.2 mM MgSO4, and 2.5 mM CaCl2, pH 7.4; T.J.
Baker; 3.3 mM glucose, Sigma) was used as vehicle. The NMDA
receptor antagonist, DL-2-amino-5-phosphonovaleric acid (APV;
38 mM, RBI; 3.5 µg/ 0.5 µL), and the muscarinic receptor antago-
nist, scopolamine hydrobromide (136 mM, Sigma; 30 µg/ 0.5 µL)
were dissolved in ACSF solution. Although a dose of 50.7 mM of
DL-APV, has already been used in NAcc during instrumental
learning (Giertler et al. 2005), we decided to use a dose of 38 mM
of DL-APV, since a preliminary study using 50.7 mM showed that
various animals presented motor abnormalities. The dose of sco-
polamine chosen was the same dose used in other brain struc-
tures like insular cortex during the taste memory formation
(Naor and Dudai 1996; Ramírez-Lugo et al. 2003).

Behavioral procedures
In order to determine the possible early and/or late involvement
of glutamatergic and cholinergic systems on both the NAcc shell
and core in aversive TMT (CTA), APV or scopolamine were ad-
ministered either 15 min before or immediately after the CS (sac-
charine) presentation during acquisition. Short-Term Memory
(STM) and Long-Term Memory (LTM) were evaluated as de-
scribed below. Rats received tap water for 15 min just after sac-
charine presentation in STM and LTM tests.

Conditioned taste aversion (CTA)
The behavioral procedure for CTA was made as described previ-
ously (Ferreira et al. 2002). From d 1 to d 4, rats were trained to
take a water ration twice a day in their home cages in order to test
STM. Each morning, subjects had access to 10 mL of tap water
during a 15-min period; then 4.5 h later, they had access to 40
mL of water for 15 min. During each presentation, water was
given in graduated test tubes, which allowed consumption to be
measured.

On d 5, the acquisition day, rats were divided into different
groups (see below), and subjects were allowed to drink 10 mL of
a novel taste solution (0.1% saccharine; Sigma) the same volume
of water to which the rats had access at the same hour in previous
days. Fifteen minutes after the drinking session, a malaise-
inducing drug (Lithium Chloride, LiCl, 0.4 M, 7.5 mL/kg; Baker)
was administered intraperitoneally. Four hours after the LiCl in-
jection, rats were exposed to saccharine solution for 15 min to
assess the STM of CTA (see Figs. 2A, 3A).

During the next 2 d, baseline intake of tap water was re-
established. Three days after acquisition and STM, all rats were
exposed to saccharine solution for 15 min to assess the LTM of
CTA. In both STM and LTM tests, reduction of liquid consump-
tion with respect to baseline water intake (average of the first 4 d
of water intake), was used as a measure of strength of aversion:
percentage of baseline consumption = 100� (saccharine solu-
tion intake/mean of baseline water consumption).

The animals with cannulae in the NAcc shell were divided
into six groups. The groups that received a drug injection before
saccharine presentation: Veh-pre (n = 12), APV-pre (n = 14),
Scop-pre (n = 8), and the groups that received a drug injection
after saccharine presentations (see Fig. 3A): Veh-post (n = 12),
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APV-post (n = 8) and Scop-post (n = 6). The animals with cannu-
lae in the NAcc core were divided into six groups. The groups that
received a drug injection before saccharine presentation
Veh-pre (n = 9), APV-pre (n = 8), Scop-pre (n = 6), and the groups
that received a drug injection after saccharine presentation (see
Fig. 3A): Veh-post (n = 5), APV-post (n = 6) and Scop-post (n = 7).

Neophobia and attenuation of neophobia (AN)
In order to test if APV or scopolamine affect taste perception or
safe taste memory, we injected these drugs into the NAcc shell
and core before presenting a strong concentration of saccharine
(0.5%) in the drinking water, and measured the neophobic re-
sponse, consisting of a lower water intake when it contains sac-
charine, as compared to plain water consumption. We also mea-
sured the safe TMT (attenuation of neophobia), which consists of
an increase in saccharine consumption in presentations that fol-
low the initial aversive one.

The behavioral procedure for AN was made as described pre-
viously (Gutierrez et al. 2003a). To determine the basal water
consumption (baseline water intake) rats were given water in
their home cages for 15 min and volume consumption was reg-
istered. This was done every 23.5 h for 4 d. On day 5, after as-
signing the animals to different groups (see below) counter-
balanced by basal water consumption, the neophobic response
was tested by the presentation of 0.5% saccharine (Sigma) in the
drinking water for 15 min (see Fig. 4A). Thereafter the rats re-
ceived water access for 15 min in order to ensure that all animals
consumed their daily fluid requirement regardless of their con-
sumption of saccharine. The same procedure was repeated from
d 5–8 for AN protocol. The neophobic response was analyzed in
terms of a lower intake of the novel taste solution compared to
baseline intake of water. AN was then observed as an increased
consumption of saccharine solution in the following presenta-
tions. The neophobic response and AN are expressed as a per-
centage of baseline consumption = 100� (saccharine solution
intake/mean baseline water consumption). The drugs were ad-
ministrated before the taste presentation. We divided the ani-
mals into three groups for each, NAcc shell: Veh-pre (n = 16),
APV-pre (n = 7) and Scop-pre (n = 13). NAcc core: Veh-pre
(n = 6), APV-pre (n = 6) and Scop-pre (n = 5).

Histology
After completion of the behavioral experiments, animals were
overdosed with sodium pentobarbital, and perfused with 0.9%
saline followed by a buffered 4% paraformaldehyde solution. The
brains were removed and stored at 4–10°C in the same paraform-
aldehyde solution during 24 h. The brains were then put in a 30%
glucose solution. They were cut on a freezing cryostat in 40 µm
slices. Mounted samples were stained with cresyl violet and then
examined in a light microscope. Slices were examined under the
microscope to determine the correct placement of the cannulae
in the brain structures.
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